Abstract
Introduction

1
High altitude is one of the most challenging terrestrial environments inhabited by 2 endotherms. High-altitude environments are colder than those at sea level, which can elevate the 3 metabolic O 2 demands of thermogenesis (particularly in small endotherms), and they are also 4 hypoxic, which reduces the O 2 available to support those greater O 2 demands. High-altitude 5 natives can somehow overcome this challenge, and can live, reproduce, and sometimes sustain 6 impressive feats of aerobic performance at high altitudes (Hawkes et al., 2013; Hayes, 1989). 7 Growing evidence suggests that the ability of highland natives to thrive in the harsh environment 8 at high altitudes depends on both plasticity (e.g., acclimatization, developmental plasticity, etc.) 9 and evolved changes across the O 2 transport cascade -comprised of ventilation, pulmonary has been shown to increase muscle capillarity in geese (Snyder et al., 1984) , it is otherwise 2 poorly understood whether developmental hypoxia has consistent or pronounced effects on 3 muscle phenotype. 4 The objective of this study was to examine the effects of hypoxia at different life stages 5 on the capillarity and oxidative capacity of locomotory muscle in deer mice (Peromyscus level) and were bred in captivity to produce lab-raised first-generation progeny. We then 1 established two breeding pairs between adults of these first-generation mice (all of which were 2 from different wild parents), and the two resulting families of progeny (i.e., second generation in 3 the lab) were used in experiments. All mice were held at 24-25°C and a photoperiod of 12 h 4 light: 12 h dark, and were provided with unlimited access to standard rodent chow and water. All 5 animal protocols followed guidelines established by the Canadian Council on Animal Care and 6 were approved by the McMaster University Animal Research Ethics Board. 7 We used a standardized breeding design to expose second-generation mice to hypoxia, 8 starting at a range of different life stages, with five different treatment groups (Fig. 1) . Each 9 breeding pair was first allowed to raise four litters, in order to avoid potential effects of variation 10 in litter size and resource allocation that may arise across the first few litters (Kirkland and 11 Layne, 1989) . Each pair then conceived and raised litters 5 and 6 in standard cage conditions of 12 normobaric normoxia until weaning. These progeny from each family were split into two 13 treatment groups, one that remained in normoxia (normoxia control group) and the other that was 14 acclimated to hypobaric hypoxia (barometric pressure of 60 kPa, ~12 kPa O 2 ; simulating the 15 hypoxia at an elevation of 4,300 m) during adulthood (adult hypoxia group). Litter 7 was also 16 conceived and born in normoxia, but the family was moved to hypobaric hypoxia within 12 h of 17 birth, and the mother and pups remained there together until weaning. After weaning, litter 7 18 pups continued to be raised in hypobaric hypoxia into adulthood (post-natal hypoxia group). The 19 mother and father continued to be held in hypobaric hypoxia, and were allowed to conceive litter 20 8, which was born and raised into adulthood in hypobaric hypoxia (pre-natal hypoxia group).
21
After weaning litter 8, breeding pairs were returned to normoxia and were then allowed to 22 conceive and raise litter 9 in normoxia (parental hypoxia group). All litters (and each treatment Mice were euthanized (isoflurane overdose followed by cervical dislocation) during 28 adulthood between 6-8 months of age. One gastrocnemius muscle was dissected, weighed, 29 coated in embedding medium, frozen in liquid N 2 -cooled isopentane, and stored at -80°C until 30 used for muscle histology. The other gastrocnemius was snap-frozen in liquid N 2 and stored at -80°C until used for enzyme assays. One soleus muscle was also dissected and weighed. The 1 decision of which muscle, left or right, was used for each measurement was random. 4 We used and compared two histological staining methods to examine the capillarity of 5 the gastrocnemius muscle. Whole muscle was sectioned (10 µm thick) transverse to muscle fiber 6 length in a cryostat maintained at -20°C, and were mounted on slides (SuperFrost Plus; Fisher 7 Scientific, Ottawa, ON, Canada). Alkaline phosphatase activity was stained as we have gastrocnemius. This number of images was determined in preliminary measurements, by first analysing a large excess number of images and then determining the minimum number that is 1 necessary to yield a stable mean value for an individual. 4 We measured the activity of several metabolic enzymes in the gastrocnemius muscle.
Muscle histology
Enzyme activity assays
5
Whole muscles were powdered under liquid N 2 , and small samples were homogenized in 10 6 volumes of ice-cold homogenization buffer (100 mM KH 2 PO 4 , 1 mM ethylenediaminetetraacetic 7 acid, 1 mM ethylene glycol-bis(2-aminoethylether)-N,N,N′,N′-tetraacetic acid, 1 mM 8 phenylmethylsulfonyl fluoride, and 0.1% Triton X-100 at pH 7.2) using a PowerGen 125 9 homogenizer (Fisher Scientific). Homogenates were then centrifuged at 1000g for 1 min at 4°C.
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The pellet was discarded and the homogenate was kept on ice until assayed. respectively. Similar litter sizes were observed in litter 7 exposed to hypoxia from birth to 4 adulthood (family 1, 5 pups; family 2, 4 pups), litter 8 exposed to hypoxia from conception to 5 adulthood (family 1, 3 pups; family 2, 5 pups), and litter 9 in which parents had been hypoxic but 6 conceived and raised pups in normoxia (family 1, 3 pups; family 2, 4 pups). Pups survived the 7 hypoxia treatments, and exhibited similar body masses in adulthood at 6-8 months of age (Table   8 1). Table 2 ). Muscle capillarity was also relatively unaffected by hypoxia (Fig. 2) . 16 There were no significant differences in capillary density or capillary surface density across 17 treatment groups (Table 2 ). There was some modest but significant overall variation in capillary 18 to fibre ratio (significant main effect in ANOVA), driven primarily by higher average values in 19 the adult hypoxia and pre-natal hypoxia groups, but there were no significant pairwise 20 differences between any of the hypoxic treatment groups and the normoxic controls (Table 2) .
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This variation in capillary to fibre ratio was associated with comparable but non-significant 22 variation in muscle fibre size, and therefore appeared to be caused by there being fewer fibres 23 rather than more capillaries per unit area of muscle. Capillarity indices were generally very 24 similar and well correlated between measurements made using alkaline phosphatase activity and
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Griffonia simplicifolia lectin I (GSL) as markers ( dehydrogenase activity was also unaffected by hypoxia treatment. 
Measurements of muscle capillarity
5
This study also demonstrated strong concordance between two distinct methods for 6 measuring capillarity in skeletal muscle, alkaline phosphatase activity and binding of Griffonia Table 2 ) suggests that alkaline 16 phosphatase activity is indeed a reliable marker of capillaries in the skeletal muscle of deer mice 17 exposed to hypoxia. Therefore, the lack of any observable variation in muscle capillarity was not 18 a technical artefact (i.e., not resulting from an inability to accurately detect capillaries), but 19 instead reflects a genuine lack of plasticity in response to chronic hypoxia during development 20 and adulthood. = 0.110 P = 0.880 P = 0.490 P = 0.743 Data are reported as means ± s.e.m. Capillarity was assessed using two different histological markers of capillaries, alkaline phosphatase activity and binding of Griffonia simplicifolia lectin I. The main effects of treatment and histological staining method on capillarity indices were assessed using two-factor ANOVA, and the main effect of treatment on fibre size was assessed using one-factor ANOVA (N as in Table 1 ). There were no significant pairwise differences between treatment groups.
Figure Legends
Fig. 1. Experimental treatment groups used to evaluate the effects of chronic hypoxia at different life stages in deer mice native to high altitudes. We used two breeding pairs of captive mice that were born of wild parents from Mount Evans, CO, USA at ~4,300 m above sea level. The two resulting families of progeny, the second generation raised in the lab, were used in experiments. 
